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Abstract
Background: Stress Urinary Incontinence (SUI) is one of the most reported health dilemmas of women suffering
from lower urinary tract symptoms.
Aim: To determine the relation between hysterectomy and severity of female SUI using Valsalva Leak Point
Pressure (VLPP).
Methods: This case-control study was conducted at a public urology clinic in Tehran in 2015. The study
population was all female with SUI complaints who visited the clinic during 2015. We compared Valsalva leak
point pressure in two groups of female SUI patients with and without hysterectomy history. The inclusion criteria
were: not taking any alpha-blocker or anti-cholinergic medicines two weeks prior to the urodynamic test as well
as no history of pelvic surgery or cesarean delivery in their lifetime. All qualified patients were invited to
participate in the study randomly, and among them, 120 qualified patients agreed to participate by filling out the
informed consent form. Data was gathered through direct interview, and double checked by patients' medical
records. All the study variables including age, BMI, delivery number, hysterectomy and UTI history were entered
and analyzed by estimating ordered logistic regression and by using Stata14.1 software.
Results: The mean of VLPP was 70.17 cmH2O in the group with hysterectomy history, and 94.55 cmH2O in
those without hysterectomy history. The difference of VLPP pressure between the two studied groups were
significant (p<0.05), even after control of confounding variables. Also, the odds of severe SUI among
hysterectomy group patients was 6.3 times more than no hysterectomy (OR=6.32, p<0.001).
Conclusions: Our study confirms significant relation between hysterectomy and SUI severity measured by
Valsalva leak point pressure. Hysterectomy patients are more likely to suffer from more severe grades of SUI.
Keywords: Urinary Incontinence, Hysterectomy, Urodynamics, Valsalva Maneuver

1. Introduction
Stress urinary incontinence (SUI) is one of the most prevalent types of urinary incontinence (UI) in the world. It has
been defined as any involuntary leakage of urine during sneezing, coughing or any physical exertion (1, 2). It’s
reported in most countries that 15 to 40% of women are faced with female SUI which are associated with severe
disorders of women’s daily functions, social interactions, sexuality, and psychological wellbeing. Therefore, SUI is
increasingly being recognized as a global health concern (2, 3). SUI is one of the most reported health dilemmas of
women suffering from Lower Urinary Tract Symptoms (LUTS)(4, 5). Although many modifiable and non-
modifiable risk factors for SUI are identified (such as age, delivery, BMI and pelvic surgery), still some of them,
like hysterectomy, are less clear (2, 5). Identification of the possible risk factors of female SUI is important for the
reduction of SUI prevalence, and can lead to females’ health promotion as well as a decrease of direct and indirect
health care costs to society (3). Nowadays, hysterectomy is the first choice or at least one of the most preferred
choices in treatment of many diseases and disorders like menometrorrhagia, leiomyoma, uterine prolapse,
adenomyosis and postmenopausal bleeding. It is preferred due to its low perioperative morbidity and its
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effectiveness as a definitive treatment and also its decisive role as a certain cure (3). The side effects of
hysterectomy on function of lower-urinary-tract system have been a controversial issue for decades (3). There are
many inconsistent opinions about the adverse effects of hysterectomy on SUI which have originated from previous
studies (6). In this context, the study of Aoun and Roumeguère in 2015 has provided a comprehensive overview on
postoperative lower urinary tract dysfunction. According to their study, lower urinary tract dysfunction is a common
finding (70-85% prevalence) after hysterectomy, and its most frequent long term sequela is stress urinary
incontinence (40% of cases) and its management is complex and challenging (4). Many studies similar to this have
been done, but the question still remains whether there is any significant relation between hysterectomy and the
severity of SUI. While it is generally known that the result of a urodynamic test can play a decisive role in
understanding the presence and severity of SUI (7), in most of the previous studies, SUI has been determined
through self-reported questionnaire based methods (8-10). The Valsalva leak point pressure (VLPP) obtained from
urodynamic tests can easily help us in grading the severity of SUI (7, 11). VLPP indicates the pressure that is
required to overcoming bladder resistance against increased pressure from the abdominal cavities during coughing
or straining. Patients who are suffering from a severe grade of SUI are usually known by less than 60 cmH2O VLPP
while patients who are suffering from middle and weak grades of SUI are known by 60-90 cmH2O and more than 90
cmH2O VLPP, respectively (12). Nevertheless, the relation between hysterectomy and level of stress urinary
incontinence (SUI) measured by Valsalva leak point pressure (VLPP) had yet to be studied. Emphasizing the role of
urodynamic test, the relation between hysterectomy and SUI severity has been determined in our study for the first
time.

2. Material and Methods
This cross-sectional and case-control study was conducted at a public urology clinic in Tehran in 2015. The study
population was all female with SUI complaint who visited the clinic during 2015. We compared Valsalva leak point
pressure (VLPP) in two groups of female SUI patients with and without hysterectomy history. The hysterectomy
history was defined as any type of hysterectomy that has occurred at least one year ago, according to the report of
patients’ medical record. The emphasis on the passing of at least a year from hysterectomy surgery was due to
considering the probability of spontaneous recovery of urinary symptoms 6-12 months’ post operation. Also, based
on the previous study (12), we categorized the severity of SUI into three grades including: 1) Mild SUI (VLPP≥90
cmH2O), 2) Moderate SUI (VLPP=60-89 cmH2O), 3) Severe SUI (VLPP <60 cmH2O). The study inclusion criteria
were: not taking any alpha-blocker or anti-cholinergic medicines two weeks prior to the urodynamic test as well as
no history of pelvic surgery, cesarean delivery or abortion in their life time. According to our previous study, the
average and standard deviation of VLPP was 78±16 and 87±16 respectively in each of the two groups of patients
with and without hysterectomy history. Thus, the required sample size for the purpose of comparing the average of
VLPP -as a quantitative dependent variable- among hysterectomies and non-hysterectomies was 100. Sample size
has been calculated considering type I and type II errors as 0.05 and 0.20 respectively. All patients who met the
inclusion criteria were invited to participate in the study randomly, and among them, 120 qualified patients showed
their complete interest for participation voluntarily through filling out the informed consent form. Also, the study
result reported respecting the confidentiality and anonymity of participants. All necessary data (including patients'
age, weight, height, delivery numbers and UTI history) were gathered through direct interview, and double checked
by patients' medical record. The history of UTI was defined as self-report of having UTI in a previous year. We used
paired-samples t-test for comparing the mean of VLPP between two groups of patients, a group of patients who had
hysterectomy history and another group who hadn't any hysterectomy history. We also utilized ordered-logistic
regression and Analysis of Covariance (ANCOVA) for controlling the effects of confounding variables including
age, BMI, UTI history and delivery numbers. All data were entered and analyzed using Stata14.1 software.

3. Results
Table1 shows descriptive statistics of the studied variables among patients. About 50%, 39% and 11% of patients
had mild, moderate and severe SUI, respectively according to their VLPP results. About 59% and 41% of patients
had positive and negative history of UTI, respectively. About 59% of patients were in the 40 to 60 years-old range
and 24% of them were over 60 years-old. According to BMI results 61% and 27% of patients had obesity and
overweight respectively. Most of the patients (78%) had history of at least one delivery. Table 2 shows the
univariate analysis of the studied variables among patients. According to the findings, the mean of the Valsalva leak
point pressure was 70.17 cmH2O and 94.55 cmH2O in two groups of patients respectively with hysterectomy history
and without hysterectomy history. The difference in VLPP between the two groups was significant (p<0.001). The
mean of Valsalva leak point pressure was significantly lower in the group of patients who had positive hysterectomy
history (p<0.001). Also, the mean of the Valsalva leak point pressure was significant between different delivery
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number, age and BMI groups, except UTI (Table 2). Table 3 shows the Analysis of covariance (ANCOVA).
According to ANCOVA results, after omitting the side effects of confounding variables (including UTI, delivery,
age and BMI), the mean of VLLP in hysterectomy patients was significantly lower than non-hysterectomy patients
(p< 0.001). So there was a statistically significant difference between hysterectomy history and mean of the Valsalva
leak point pressure even after controlling the effects of confounding variables (p<0.001). Finally, ordered-logistic-
regression was estimated for analyzing Odds Ratio (OR) for factors affecting SUI grade (Table 4). According to the
results of ordered-logistic regression model (Table 4), hysterectomy group patients were significantly 6.3 times
more at the risk of more severe SUI (OR=6.32, p<0.001). Also, older patients were significantly more at the risk of
more severe SUI (OR=1.053, p=0.038). The effect of other variables including UTI history, BMI score and delivery
number on SUI severity was not significant (p>0.05).

Table 1. Descriptive statistics of the studied variables among patients
Variables Hysterectomy history n %

Yes No
VLPP (cmH2O) ≥90 13 47 60 50

60-89 35 12 47 39.2
<60 12 1 13 10.8

UTI history Yes 34 37 71 59.2
No 26 23 49 40.8

Delivery Numbers 0 5 21 26 21.7
1-4 42 35 77 64.2
≥5 13 4 17 14.1

Age (years old) 20-40 0 20 20 16.7
40-60 38 33 71 59.2
≥60 22 7 29 24.1

BMI (kg/m2) 18.5-25 14 0 14 11.7
25-30 15 18 33 27.5
≥30 45 28 73 60.8

Table 2. Univariate analysis of the studied variables among patients
Variables VLLP p-value

Mean SD
Hysterectomy history Yes 70.17 17.17 < 0.001

No 94.55 11.74
UTI history Yes 83.3 18.6 0.612

No 81.3 19.92
Delivery Numbers 0 96.9 10.87 < 0.001

1 - 4 79.3 19.34
≥5 74.1 16.89

Age (years old) 20 - 40 99.8 1.3 < 0.001
40 - 60 82.2 19.28
≥60 70.6 15.89

BMI (kg/m2) 18.5 - 25 99.6 0.8 < 0.001
25 - 30 84.6 19.98
≥30 78 ± 15.51

Table 3. Analysis of covariance (ANCOVA)
Variables Mean Square F Sig.
Hysterectomy history 8463.37 41.72 < 0.001
Controlled variables: UTI history 184.02 0.91 0.343

Delivery Numbers 639.30 3.15 0.047
Age (years old) 485.01 2.39 0.096
BMI (kg/m2) 54.98 0.27 0.763

R Squared = 0.685
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Table 4. Results of ordered-logistic regression model for factors affecting SUI grade
Variables Coefficient Odds Ratio [95% Conf. Interval] for Odds z p-value
Hysterectomy History (+) 1.843 6.321 2.53 15.76 3.95 0.000
UTI History (+) -0.401 -0.669 0.28 1.55 -0.93 0.351
Delivery Number 0.146 1.157 0.85 1.55 0.97 0.334
Age (years) 0.051 1.053 1.00 1.10 2.08 0.038
BMI Score (kg/m2) 0.069 1.071 0.95 1.20 1.16 0.248
prob>Chi2 =  0.0000

4. Discussion
Our study confirms a significant relation between hysterectomy and SUI severity measured by Valsalva leak point
pressure. The results showed that there is a significant relationship between hysterectomy history and VLPP of SUI
patients. So the mean of Valsalva leak point pressure is significantly lower in hysterectomy patients and therefore,
they are more likely to suffer from more severe grades of SUI. According to results of the ordered-logistic
regression model, patients with positive hysterectomy history were significantly 6.32 times more at the risk of more
severe SUI (OR=6.32, p<0.001). However, decision-making about casual effects between hysterectomy and severity
of SUI needs more studies using prospective methods. Future studies should be designed to evaluate casual effects
of hysterectomy on SUI grade. Our findings suggest that hysterectomy history must be considered as an effective
factor on severity of SUI, not only as a risk factor of SUI occurrence. However, our study confirms the results of
Brown et al. (13), Altman et al. (3) and Allahdin et al. (14) studies. Brown, by using systematic review, concluded
that the likelihood of incontinence is greater in women with hysterectomy history (13). Also, a 30-years cohort study
by Altman et al. indicated that the rate of SUI surgery is significantly higher in the cohort exposed group
(hysterectomy group) than the unexposed group (3). Allahdin et al.’s 10 years follow up study showed that total
abdominal hysterectomy is associated with a significantly increased incidence of hospital referral for UI urological
investigations and treatment (14). Moreover, there are some inconsistent studies. For example, a study by Tayrac et
al. reveals no risk of SUI at long-term follow-up after vaginal hysterectomy (10). Similarly, Miller’s study does not
find any relationship between hysterectomy and the risk of SUI (15). The inconsistent results can be due to the type
and design of studies. The type of hysterectomy and quality of hysterectomy surgery and its post-operation care can
be different between studies that may clarify the differences in the results. The quality of surgery and its post-
operation services were not completely equal between studies, but can have significant effect on the results.
According to our study results, hysterectomy history must be considered as an effective factor on severity of SUI.
So, we should suggest some points to clinicians and policy-makers. First and foremost, we should suggest the
reduction of unnecessary hysterectomies. Clinicians should more think about the possibility of increasing severity of
SUI post operation of hysterectomy, before any decision about optional hysterectomy. All other treatment options
should be considered before hysterectomy as much as possible. Secondly, clinicians should explain about side
effects of hysterectomy and also the possibility of raised odds of UI severity post hysterectomy operation. Thirdly,
we suggest practitioners for prescribing biofeedback (pelvic floor exercises) after hysterectomy, in order to prevent
possible severe SUI especially for patients who have other SUI risk factors. Finally, we should note some limitations
of our study. First, our study considered all types of hysterectomy (Radical or non-radical) together. Second, our
study didn’t consider confounding variables related to life style including nutrition, smoking and also the
confounding variables interactions. Therefore, considering the study limitations, any use of the study results should
be regarded conservatively.

5. Conclusions
Using VLPP indicator, our study confirms significant relation between hysterectomy and SUI severity. The odds of
severe SUI among hysterectomy group patients was significantly more than without hysterectomy patients. The
findings suggest that hysterectomy history must be considered as an effective factor on severity of SUI, not only as a
risk factor of SUI occurrence. Therefore, clinicians should more think about the possibility of increasing severity of
SUI post hysterectomy. Prescribing pelvic floor exercises after hysterectomy is necessary in order to prevent
possible severe SUI. However, future studies should compare adverse effects between different types of
hysterectomy in order to determine which one is the safest method of hysterectomy.
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